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BACKGROUND OF THE INVENTION 
Description of the Related Art 

As the value and use of information continues to increase, individuals and 
businesses seek additional options to process and store information. One option 
available to users is information handling systems. An information handling system 
generally processes, compiles, stores, and/or communicates information or data for 
business, personal, or other purposes, thereby allowing users to take advantage of the 
value of the information. Because technology and information handling needs and 
requirements vary between different users or applications, information handling 
systems may also vary depending on what information is handled, how the 
information is handled, how much information is processed, stored, or conmiunicated, 
and how quickly and efficiently the information may be processed, stored, or 
commimicated. The variations in information handling systems allow information 
handling systems to be general or configured for a specific user or specific use such as 
financial transaction processing, airline reservations, enterprise data storage, or global 
commimications. Information-handling systems may include a variety of hardware 
and software components configured to process, store, and communicate information. 
Information handling systems may include one or more information h^idhng sj^tems, 
data storage systems and networking systems. 
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Information handling systems can take form as information handling systems 
of a wireless local area network (WLAN)- WLANs typically include one or more 
servers that communicate with one or more information handling systems via 
wireless commimication. Wireless communication between servers and information 
5 handhng systems occur via one or more fixed network radio access points (APs). APs 
transmit and receive radio communication signals with information handling systems. 
Each AP can wirelessly communicate with information handling systems positioned 
within a radio coverage area of the AP. The APs are strategically placed to provide an 
extended radio coverage area for the WLAN. Mformation handling systems within 

10 the extended radio coverage area can communicate with servers of the WLAN via the 
strategically placed APs. 

Fig. 1 illustrates an example WLAN 100. WLAN 100 includes 'n' servers 
110(l)-(n) coupled together via data commimication link 105. Link 105 can be any 
network couphng scheme (ring, ethemet, or the hke). AP 120 is coupled to servers 

15 1 10(l)-(n). AP 120 provides a radio coverage area 130 for information handling 
systems to estabKsh communication connections with the servers in WLAN 1 00. 
There are 'n' computing systems 140(l)-(n) in radio coverage area 130. Each one of 
computing systems 140(l)-(n) can communicate with servers 1 10(l)-(n) via AP 120. 
information handling system 150 is located outside the radio coverage area 

20 130. As a result, information handling system 150 cannot commiinicate with WLAN 
100 via AP 120. For information handhng system 150 to communicate with servers 
11 0(l)-(n), information handling system 1 50 must be relocated within radio coverage 
area 130. If information handling system 150 is a mobile computing system, it can be 
easily relocated within coverage area 130. Relocation of information handling 

25 system 150 becomes more challenging if information handling system 1 50 is 
stationary. 
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SUMMARY 

In one embodiment, the present invention describes an apparatus and method 
for creating wireless commimication bridge. In one embodiment, the method includes 
5 identif5dng a first group of information handling sj^tems that can establish a wireless 
connection with a network, selecting a first information handUng system from the first 
group of information handling systems, establishing a first connection with the first 
information handling system, establishing a second connection between the first 
information handling system and the network, and communicating with the network 
10 via the first and second connections. In one embodiment, the first group of 

information handling systems is ranked according to a group of communication- 
H; related parameters, and the first information handhng system is selected based on the 

Q group of communication-related parameters. In one embodiment of the present 

invention, the second coimection with the network includes a group of individual 
15 connections between a second group of information handling systems. 

lift 

o ■ 

y BRIEF DESCRIPTION OF THE DRAWINGS 

■5 

Q 20 The present invention may be better understood, and its numerous objects, 

J - features, and advantages made apparent to those skilled in the art by referencing the 

accompanymg drawing. 

Fig. 1 illustrates an example of WLAN. 

Fig. 2 A illustrates an example of a WLAN employing an embodiment of the 
25 present invention. 

Fig. 2B illustrates an example of network connection via peer discovery 
according to an embodiment of the present invention. 

Fig. 2C illustrates an example of a multi-hop peer-to-peer bridge according to 
an embodiment of the present invention. 
30 Fig. 3 is a flow diagram illustrating the steps performed during the process of 

establishing an adaptive wireless bridge according to an embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF THF INVENTTON 

The following is intended to provide a detailed description of an example of 
the invention and should not be taken to hmit the invention itself. Rather, any number 
5 of variations may fall within the scope of the invention that is defined in the claims 
following the description. 

The present invention describes a method and apparatus for estabhshing a 
communication bridge for an information handling system. The bridge enables 
wireless communication between the information handling system and a WLAN when 
1 0 the information handling system is located outside the extended radio coverage area 
i ^ of the WLAN. More particularly, when the information handhng system is outside 

O the extended radio coverage area of the WLAN, the information handling system 

(,| identifies a peer information handling system positioned within the extended radio 

coverage area of the WLAN. The identified peer information handhng systems is 
i;p 15 capable of wireless communication with the information handling system located 
outside of the extended coverage of the WLAN. Further, the identified peer 

1=3 information handling system is capable of wired or wireless communication with the 

IM 

i3 WLAN. The information handling system positioned outside the extended radio 

|,P 

f3 coverage area establishes a communication bridge directly or indirectly using the 

rw 20 identified peer information handhng system. The information handling system can 
communicate with the WLAN through the communication bridge even though the 
information handhng system is positioned outside the extended radio coverage area. 

The information handling system estabhshes the communication bridge to the 
WLAN using the identified peer information handling system. In the alternative, the 
25 information handling system is capable of creating a communication bridge to the 
WLAN using multiple peer information handling systems, some of which may be 
outside of the extended radio coverage area. For example, the infomiation handhng 
system may communicate with the WLAN via a bridge consisting of a pair of peer 
information handling systems, each one of whichjs capable of wireless 
30 communication. One of the pair of peer information handling systems may be located 
outside the extended radio coverage area of the WLAN. Establishing a 
communication bridge using multiple peer information handling systems is referred to 
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as 'peer-hopping.' When the information handling system locates multiple peers that 
can used to estabhsh a communication bridge with the WLAN, the information 
handling system can determine the best communication bridge of several optional 
communication bridges based on multiple communication-related parameters. 
5 When the bridge to the WLAN does not conform to certain commxmication- 

related parameters or the bridge using the peer is lost for any reason, the information 
handling system can reestablish the same communication bridge or estabhsh a 
different communication bridge using a different peer information handling system 
positioned within the extended radio coverage area. 

10 Fig. 2A illustrates a WLAN 200 employing one embodiment of the present 

invention. WLAN 200 includes servers 210(l)-(n) coupled via communication link 
205. Link 205 can be any network connection. WLAN 200 can take form in any 
network configuration (e.g., ring, star, mesh or the like). WLAN 200 includes one or 
more APs. For purposes of explanation, WLAN will be described as containing one 

15 AP220. 

AP 220 has a radio coverage area 230 to provide wireless communication with 
information handling systems 240(l)-(n). For purposes of this disclosure, the 
information handling systems 240(1 )-(n) may include any instrumentaUty or 
aggregate of instrumentalities operable to compute, classify, process, transmit, 

20 receive, retrieve, originate, switch, store, display, manifest, detect, record, reproduce, 
handle, or utihze any form of information, intelligence, or data for business, scientific, 
control, or other purposes. For example, an information handling system may be a 
personal computer, a personal digital assistant, a network storage device, or any other 
suitable device and may vary in size, shape, performance, functionality, and price. 

25 The information handling systems 240( 1 )-(n) may include one or more 

processing resources such as a central processing unit (CPU) for executing the 
instructions for creating the communication bridge. The CPUs may be coupled to 
memory that stores instructions for creating a conmumication bridge with the WLAN 
200. Additional components of the information handling systems 240(l)-(n) may 

30 include one or more disk drives, one or more network ports for communicating with 
external devices as well as various input and output (I/O) devices, such as a keyboard, 
a mouse, and a video display. The information handlmg systems 240(1 )-(n) may also 
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include one or more buses operable to transmit communications between the various 
hardware components. The present invention will be described with reference to APs 
wirelessly communicating with information handling systems 240(1 )-(n) embodied in 
information handling systems, it being imderstood that the present invention may find 
application with APs wirelessly communicatmg with other types of information 
handling systems. 

information handling systems 240(1 )-(n) can be any computing systems (e.g., 
mobile, stationary or the Hke). Each of the information handling systems 240(l)-(n) 
has a transceiver that is capable of wireless communication with AP 220 or wireless 
communication with a transceiver of another information handling system, 
information handling systems 240(l)-(n) have their own individual radio coverage 
areas 245(l)-(n). For example, information handling system 240(1) has radio 
coverage area 245(1), information handling system 240(2) has radio coverage area 
245(2) and so on. The coverage areas of information handUng systems 240(l)-(n) 
overlap with the radio coverage area 230 of AP 220; thus, each of information 
handling systems 240(l)-(n) can estabhsh communication with AP 220. 

information handhng system 250 is located outside the coverage area 230 of 
AP 220. information handling system 250 can be any computing systems (e.g., 
mobile, stationary or the like), information handling system 250 has a coverage area 
255 that does not overlap the coverage area 230 of AP 220; thus, information 
handling system 250 cannot establish a direct communication link with AP 220. 
Although not shown, coverage area 255 of information handling system 250 could 
overlap with coverage area 230 of AP 220, yet information handUng system 250 may 
determine that it cannot estabhsh a communication hnk with AP 220 because of poor 
commimication-related parameters (e.g., poor radio signal quality, high Bit Error Rate 
(BER) or low throughput rate or the like). 

Fig. 2B illustrates an example of communication bridge created via peer 
discovery according to one embodiment of the present invention. When information 
handhng sj^tem 250 determines that wireless commimication with AP 220 cannot be 
established by itself, information handling system 250 determines whether other 
uiformation handlmg systems (also called peer information handling systems) exist 
through which a communication bridge with AP 220 can be estabhshed. Coverage 
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area 255 of information handling system 250 overlaps the coverage area 245(m) of 
information handling system 240(n). information handling system 250 determines 
that wireless communication with peer information handling system 240(n) can be 
established, information handling system 250 exchanges information with 
information handUng system 240(n). For example, information handling system 250 
can inquire whether information handling system 240(n) is in wireless 
communication WLAN 200 via AP 220, whether information handling system 240(n) 
is in wired communication with WLAN 200, whether information handling system 
240(n) is in wireless communication with WLAN 200 via AP 220 and one or more 
hops or intermediate information handling systems, whether information handling 
system 240(n) has sufficient bandwidth to communicate with information handling 
system 250, etc. 

Once information handling system 250 obtains relevant information from peer 
information handling system 240(n), information handling system 250 can determine 
whether to establish a communication bridge using mformation handling system 
240(n). For purposes of explanation, information handling system 250 determines 
that abridge using information handling system 240(n) can be estabUshed and 
initiates the creation of such bridge, information handling system 250 establishes the 
bridge using information handling system 240(n). information handling system 
240(n) then establishes a connection with AP 220. In this example, the " 
communication bridge consists of information handling system 240(n) and data link s 
260 and 265. information handling system communicates with AP 220 via the 
communication bridge. After the bridge with information handling system 240(n) is 
established, information handling system 240(n) acts as the master of the bridge. The 
bridging of information handling system 250 is transparent to information handling 
system 240(n)' s connection with network 200. 

Peer information handling systems {e.g., information handling system 
240(n)) can be configured to allow or prohibit their use in estabhshing a 
communication bridge. Peer information handling systems can be configured to 
maintain a list of 'approved' bridge requesters. For example, information handling 
system 240(n) can maintain a hst of information handling systems allowed to use 
information handling system 240(n) as communication bridge component. When 
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information handling system 240(n) receives a request from information handling 
system 250, information handling system 240(n) can determine whether information 
handling system 250 is an 'approved' requestor. If information handling system 250 
is an 'approved' list of requestor, information handling system 240(n) can allow 
5 information handling system 250 to use information handling system 240(n) in the 
establishment of a communication bridge. If information handling system 250 is not 
an 'approved' requestor, information handling system 240(n) can initiate appropriate 
actions (e.g., reject request, inform user of unauthorized request, generate an alarm or 
the like). Alternatively, information handling system 240(n) can maintain a 'black' or 

1 0 'disapproved' list of requesters and allow bridging for any requester not on the 
'disapproved' or 'black' list. 

Fig. 2C illustrates an example of a multi-hop bridge according to one 
embodiment of the present invention. WLAN 200 includes a information handling 
system 260. The radio coverage area 265 of information handling system 260 

15 overlaps radio coverage area 255 of information handhng system 250. A information 
handling system 270 has a radio coverage area 275 that overlaps with radio coverage 
area 265 of information handling system 260. information handling system 270 
wishes to estabHsh communication with AP 220 (at this point information handling 
system 270 may not know of an exphcit AP, i.e., AP 220). When information 

20 handling system 270 initiates a peer discovery process, information handling system 
270 determines that there is no peer that can be used to create a communication bridge 
directly between AP 220 and information handling system 270. However, multiple 
peer information handhng systems or hops are available for forming a 
communication bridge between information handling system 270 and AP 270. Radio 

25 coverage area 275 overlaps radio coverage area 265, radio coverage area 265 overlaps 
coverage area 255, radio coverage area 255 overlaps coverage area 245(n), and radio 
coverage area 245 (n) overlaps the radio coverage area of AP 220. As such, a 
commimication bridge may be established between information handling system 270 
and AP 220 usmg information handling system 260, information handling system 

30 250, and information handling system 245(n). information handling system 270 

establishes a communication bridge component using information handling system 
260 and link 272. information handling system 260 establishes a communication 
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bridge component using information handling system 250 and link 262. information 
handling system 250 estabUshes a communication bridge component using 
information handling system 240(n) and link 252. Finally, information handling 
system 240(n) estabUshes communication with AP 220 via link 242 thereby creating 
5 multiple hop communication bridge between information handhng system 270 and 
AP 220. The quality of communication between information handling system 270 and 
AP220 over the multiple hop bridge depends upon various communication-related 
parameters (e.g., available bandwidth at each hop, processing capacity of each hop, 
throughput over each link and the like). The security (i.e., data privacy or the like) can 

10 be maintained over the multiple hop bridge using security techniques (e.g., end-to-end 
VPN tunneling or the like) known in the art. 

information handling system 270 can determine how many hops to use for 
creating the bridge to AP 220. The methods of determining communication-related 
parameters are known in the art (e.g., open shortest path first or the hke). In one 

15 embodiment of the present invention, information handling system 270 searches for 
stationary peer information handling systems (e.g., desktop or the hke) to establish a 
bridge. Stationary peer s are preferred when creating a bridge because mobile peer 
information handling systems can move out of the coverage area of AP 220 causing 
an established bridge to drop. In another embodiment of the present invention, 

20 information handhng system 270 searches for a stationary and wired peer information 
handling system (e.g., a desktop directly connected with the server or the like) for 
creatmg a bridge. When a bridging mformation handhng system is turned off (e.^., 
power shut off or the like), the bridge terminates, information handling system 270 
can adapt to this change by establishing another commimication bridge in which the 

25 peer which is turned off is replaced by another peer. 

information handling system 270 monitors hop-to-hop performance of the 
communication bridge with WLAN 200 and determines whether specific bottlenecks 
(e.g., throughput, signal quality, available bandwidth or the like) exist therein. If any 
specific bottleneck exists at any hop, information handhng system 270 can establish a 

30 different bridge that avoids the bottleneck. For example, if information handling 
system 270 determines that a bottleneck exists at link 242, information handling 
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system 270 can search for another bridge between information handling system 
240(n) and AP 220 that does not employ link 242. 

When communication-related parameters do not conform to certain 
predetermined or dynamically calculated communication-related parameters (e.g., 
throughput, signal quality, available bandwidth or the like), information handling 
system 270 can dynamically estabhsh a new bridge using other peers in the 
environment and continue commvmicating with the AP 220 via the new bridge. 

According to one embodiment of the present invention, when a first bridging- 
peer (e.g., information handhng system 240) goes offline (e.g., power shut off or the 
like), the first bridging-peer informs other peers that are using the first bridging peer 
as a component of a bridge to AP 220. The other peers then locate a replacement peer 
information handling system. The replacing of one peer for another can be done while 
information handling system 270 continues to communicate with AP 220. This can be 
accomplished by inter- wireless communications over the backbone network. 

Fig. 3 is a flow diagram illustrating the steps performed during the process of 
establishing an wireless bridge according to an embodiment of the present invention. 
Initially, a information handhng system scans the enviroimient to locate an AP of the 
network to establish a wireless communication link (305). The information handling 
system determines whether an AP can be found in the envirormient (310). If an AP 
can be found, the information handling system establishes a wireless communication 
link with the AP (3 1 5). If an AP cannot be foimd, the information handling system 
scans the environment to locate a bridging-peer (320). The information handhng 
system determines whether one or more bridging-peers can be found (325). If 
bridging-peers cannot be found, the information handhng system determines that 
communication with the network cannot be established (330). 

If peers for creating a bridge can be found, the information handling system 
solicits the peers for required communication parameters. Thereafter, the 
information handling system ranks and selects one or more of the best bridging-peers 
that can be used to create a bridge. The ranking of the bridging-peers (335) can be 
based on the required communication parameters (e.g., appropriate network servers, 
available bandwidth, processing capability, throughput, number of hops or the like). 
The information handhng system identifies the bridging-peers with the best 
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communication-related parameters (340). The information handling system then 
establishes a bridge using one or more of the identified bridging-peers (342). Next, 
the information handling system estabhshes commimication with the network via the 
one or more of the identified bridging-peers (345). The information handling system 
5 monitors the communication to determine whether the communication conforms to 
the communication-related parameters (350). The communication-related parameters 
can be predetermined by a software application running on the information handling 
system or the information handling system can dynamically adjust the 
commimication-related parameters according to the conditions of the network. If 
10 communication does not conform to the required parameters, the information 

, ^ handling system selects one or more of the 'next best' bridging-peers (355). One or 

!3 more of the next best bridging-peers are selected according to the bridging-peer 

ranking performed in step 335. The information handling system then proceeds to 

O determine whether the next best bridging-peer is located in the environment (325). 

Sp 15 While particular embodiments of the present invention have been shown and 

described, it will be obvious to those skilled in the art that, based upon the teachings 
herein, changes and modifications may be made without departing fi:om this invention 

Q and its broader aspects. Therefore, the appended claims are to encompass within their 

scope all such changes and modifications as are within the true spirit and scope of this 

11 20 invention. Furthermore, it is to be understood that the invention is solely defined by 
the appended claims. 
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